Hippocampus plays a central role in the acquisition and recall of both episodic and spatial memory. Studies have shown that garlic has neuroprotective effects in various capacities and enhancement of different forms of memory. However, the effect of garlic spatial memory and direct effect of garlic extract on the activities of membrane bound enzymes Na + /K + ATPase and Ca 2+ ATPase in the hippocampus of rat still remain elusive. Therefore, we studied the effect of ethanolic extract of garlic on spatial working memory using object location memory OLM test and the hippocampal Na + /K + ATPase and Ca
Abstract
Hippocampus plays a central role in the acquisition and recall of both episodic and spatial memory. Studies have shown that garlic has neuroprotective effects in various capacities and enhancement of different forms of memory. However, the effect of garlic spatial memory and direct effect of garlic extract on the activities of membrane bound enzymes Na + /K + ATPase and Ca 2+ ATPase in the hippocampus of rat still remain elusive. Therefore, we studied the effect of ethanolic extract of garlic on spatial working memory using object location memory OLM test and the hippocampal Na + /K + ATPase and Ca
2+
ATPase activities. Sixteen male wistar rats weighted 120 -150 g were used and divided into two groups of eight rats each. The control and experimental groups were treated 1ml of normal saline and 500 mg/kg body weight of ethanolic extract of garlic respectively orally for three weeks. OLM test was carried out on the two groups. Animals were sacrificed and the brains were removed, and hippocampi were carefully excised and homogenate was obtained. Homogenate was analyzed for Na + /K + ATPase and Ca 2+ ATPase activities. There was significant increase in the exploration time in experimental group when compared with control group (p < 0.001). There was significant increase in both Na + /K + ATPase and Ca 2+ ATPase activities in experimental group when compared with control group (p < 0.0001). The results indicate that effects of garlic on improvement of hippocampal-dependent spatial memory could be mediated through activities of these membrane bound enzymes. The results showed that garlic enhancement of hippocampal-dependent spatial memory could be mediated by increasing the activities of Na + /K 
Introduction
Crude herbal extracts of aromatic plants have been in use for myriad benefits such as drugs, food and perfumery since time immemorial [1] . [9] . Fresh and cooked but not aged garlic extracts has been shown to improve both short and long term memory in both diabetic male and female rats [10] . Na + /K + ATPase is a membrane bound enzyme involved in maintaining the Na + and K + gradient across the cell membrane. Inhibition of Na + /K + ATPase activity produces edema and cell death at CNS level and also impairs learning and memory. Reduced Na + /K + ATPase and Ca 2+ ATPase activities were associated with Aluminum Chloride induced brain toxicity in various rat brain regions such as cortex, cerebellum and hippocampus [11] . Study has indicated that chronic deprenyl administration enhances basal electrical firing rate and the activities of Na + /K + ATPase and PKC in CA1 and CA3 hippocampal areas, which are the sites for initial learning and memory processing [12] . Homocysteinthiolactone, anexcitotoxic compound, has been reported to inhibit activity of Na + /K + ATPase in cortex, hippocampus and brain stem, suggesting that Na + /K + ATPase and Ca 2+ ATPase are essential for excitation of neurons [13] . In addition, Na + /K + ATPase abnormality has been reported to be involved in several neurological diseases such as Alzheimer's disease [14] , bipolar disorder [15] and haploinsufficiency of Na + /K + ATPase α2 and α3 isoforms resulted in behavioral defects [16] . Calcium is an important signaling molecule in cells. Disturbances in Ca 2+ homeostasis can lead to neuronal dysfunction and eventual neuronal death.
Several neurological diseases are caused primarily by malfunctioning of Ca 2+ channels or Ca 2+ /Mg 2+ ATPase [17] . Based on available literature, no study has assessed the effect of ethanolic extract of garlic on spatial memory using object location behavioural task. Also the direct effect of any forms of garlic on hippocampal membrane bound enzymes Na + /K + ATPase and Ca 2+ ATPase is not known. Therefore, we investigated the effect of ethanolic extract of garlic on hippocampal-dependent cognitive function such as object location memory and then, evaluate the Na + /K + ATPase and Ca 2+ ATPase activities in hippocampus.
Our findings show that garlic extract enhances spatial working which might be mediated through increase activity of Na + /K + ATPase and Ca 2+ ATPase.
Materials and Methods

Ethanol Extraction of Garlic
Extraction was done using cold maceration at the laboratory in the department of Pharmacology, Kampala International University Western Campus Uganda.
Softneck type of garlic weighing 500 g was peeled cut into small pieces and homogenized in 70 ml of cold sterile 0.9% NaCl. The paste material was suspended in 80% ethanol for 48 hours in air tight glass jar using a rubber stopper, and the suspension was shaken periodically for three times a day at 5 minute interval.
After 2 days, the suspension was filtered using Whitman filter paper to remove residue. Filtration was repeated 3 times and clear filtrate was obtained. The filtrate was concentrated using rotary evaporator at a bath temperature of 40˚C.
The extract concentrate obtained was then transferred to a cornical flask and further evaporated in oven drier at 50˚C to obtain ultimately a gel like mass for the study [18] .
Animals
Adult male wistar rats of age of 12 -14 weeks weighing (120 -150 g) were used in this experiment. The animals were obtained from the Animal House of College of Medicine, Mbarara University of Science and Technology, Uganda. The animals were housed in a well-ventilated room maintained under standard conditions of light, feeding and temperature of research laboratory of Kampala International University Western Campus Uganda. The study was conducted in accordance with the standards established by the Guide for the Care and Use of Laboratory Animals.
Grouping
After one week of acclimatisation, the animals were randomly distributed into two groups of eight rats each in this order:
Control group: received 1 ml saline and fed a standard rat chow.
Experimental group: received 500 mg/kg body weight of ethanolic extract of garlic and fed a standard rat chow. [19] Administration was carried out daily between 8 -10 am for a period of three weeks.
Object Location Memory Test
The object location memory test was used to assess spatial working memory after the administration of garlic extract for 21 days. The protocol was modified from the method [20] and [21] . This test has three phases (trials) with one day inter-trial interval. The first phase was habituation where rat was place in the center of an empty open field box of dimension [70 cm (L) × 40 cm (W) × 30 cm (H)] and allowing the rat to freely explore the box for two 5 min. Habituation was done for all the rats following the same arrangement. The second trial was conducted on the following day (same time) of the first trial and this involved placing the rat in the center of the same open field box having two identical objects of dimension [3.5 cm (L) × 3.5 cm (W) × 3 cm (H)] on opposite sides of the box 2.5 cm away from the wall of the box and was allowed to freely explore the objects for 10 min (i.e., the training phase). In day 3, the testing phase was performed for 5 min by placing the rat in the center of the same open field box with one of the objects remaining in the same location as in training phase and the second object moved to a new location in the open field box. A rat is considered to be exploring an object when its nose is within 2 cm of the object. All the trials (experiments) were conducted at a very good illumination and recorded with VDO camcorder version-052, USA. The apparatus was cleaned with 70% ethanol prior to the commencement of each trial for every rat to reduce olfactory cues.
All possible Data such as times spent in exploring the object moved to a novel place, the object remaining in the familiar place, and total time spent in the object exploration were measured. Also, the place discrimination index was calculated by using the formula, the time spent with the object moved to a novel place/the total time spent in exploring both the object moved to a novel place and the object remaining in the familiar place × 100. Then, the percentages of object exploration time spent with the object moved to a novel place and that of the object remaining in the familiar place were calculated. The preference of the rat to explore the object that has been moved to a new location reflects its ability for object location memory.
Measurement of Na + /K + ATPase Activity
The hippocampal homogenates was analyzed for Na + /K + ATPase according to the method of Tirri et al. 1973 [22] . Assay medium used consist of (in mM) 30
Tris-HCl buffer (pH 7.4), 50 NaCl, 6 MgCl 2 , 5 KCl and 50 μg of protein in the presence and absence of ouabain, 0.1 EDTA, in a final volume of 350 μL. The reaction was started by the addition of ATP to a final concentration of 3 mM.
After 30 min at 37˚C, the reaction was stopped by the addition of 50% (w/v) trichloroacetic acid (70 μL). The saturating substrate concentrations was used, and reaction was in linear with protein and time. Some controls was included in the assays for non-enzymatic hydrolysis of ATP. The Pi (amount of inorganic phosphate) released was quantified calorimetrically, as described [23] , using 300 KH 2 PO 4 as reference standard. Specific Na + /K + -ATPase activity was calculated from the overall activity (in the absence of ouabain) and was recorded as
Pi/min/mg of protein in nmol.
Measurement of Ca 2+ ATPase Activity
The method of Desaiah and Ho (1979) [24] 
Statistical Analysis
All statistical analyses were performed using Microsoft Excel and SPSS version 20. All values were presented as means ± SEM (standard error of mean). Statistically significant differences were accepted at p < 0.05.
Results
Effect of Garlic Extract on Spatial Working Memory
In the OLM test, control group and experimental group showed no significant difference in time for each object in the training trial, suggesting that there was no preference for either of the object's location. In the testing trial, experimental group showed clear preference for the object moved to a novel location in comparison to the object remained in the familiar location, as these rats spent 70% of their object exploration time with the object that moved to a novel location (Figure 1 ). The preference for the object moved to novel location showed by experimental group (70% for object in novel location, 40% for object in familiar location) was more than that of control group (55% for object in novel location, 45% for object in familiar location) (Figure 2 (a) and Figure 2(b) ). Total times spent in object exploration during testing phase was significantly increased in experimental group (15.4 s ± 0.51) when compared with control group (12.4 s ± 0.51) (p < 0.001; Figure 3) . A comparison of the location discrimination index between the two groups revealed enhanced location memory function in experimental group.
Na + /K + ATPase Activity in the Hippocampus Following Administration of Garlic Extract
Figure 4(a) shows the Na + /K + ATPase activity in the hippocampus of garlic treated rats and control group rats. The Na + /K + ATPase activity (µ mol of pi liberated/min/mg protein) in the hippocampus of garlic treated group (0.53 ± 0.18) was significantly higher (p < 0.0001) as compared to control group (0.43 ± 0.11). 
Discussion
Hippocampal-dependent memory can be influenced by many intervening factors which include pharmacological agents, physiological manipulations and environmental agents. Object location memory has been the test of choice for the spatial memory because its performance is hippocampus dependent [25] . In the present study, our aim was to investigate the effect of ethanolic extract of garlic on spatial memory following garlic extract administration for 21 days. Animals treated with garlic and the control were able to discriminate between two identical objects in novel locations. However, rats administered garlic explored significantly the object in novel location more than the time rats in control group explored it. Thus, it indicated that garlic can enhance spatial memory.
Studies have reported effects of garlic on memory. Sarkaki et al. reported increased memory (short and long term) effect of fresh and cooked but not aged garlic in both diabetic male and female rats [10] . Haider et al. (2008) reported an improvement in memory function of garlic treated rats using passive avoidance test [28] . Deficient spatial memory in senescence-accelerated mouse model was able to improve by aged garlic extract [27] . Our present result was not in disagreement with the above listed studies. In search of the probable mechanism to which garlic mediate enhancement of any forms of memory, we assessed and observed significant increase in Na + /K + ATPase and Ca 2+ ATPase activities in the hippocampus being the main brain structure memory depend on. Study has suggested memory-enhancing effect of garlic may be associated with increased brain serotonin (5HT) metabolism in rats [28] . The long-term administration of crude garlic extract may improve learning and memory in mice with the underlying mechanism been attributed to the antiAchE activity and anti-oxidant property of garlic [29] . In conclusion, the present findings indicate that administration of ethanolic extract of garlic is effective in enhancing spatial working memory and the probable underlying mechanism of action is by increasing the activities of Na + /K + ATPase and CA 2+ ATPase in the hippocampus. Further research on the involvement of activities of these membrane bound enzymes of hippocampus in different forms of hippocampaldependent memory and by extension learning will help to better understand the novel therapeutic approach to resolve the memory deficit patients.
